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As was noted in [3], in order to verify the assumption that the 
behavior of the polarization dependences of the terahertz emission 
by hot electrons from n-Ge is determined by the type of carrier 
scattering, it is necessary to perform temperature measurements 
of this dependence in the range between the temperatures, where 
the scattering is determined by impurities and by acoustic lattice 
vibrations, respectively. The given work presents the results of 
such investigations. 



1. Introduction 

As was noted in [1-3], the terahertz emission by hot 
carriers from n-Ge has a specific feature - it is polar- 
ized. Its polarization dependences as functions of the 
angle between the polarization vector and the heating 
field direction are periodic. The positions of maxima 
and minima of these dependences can change due to 
variations of the impurity concentration and the lat- 
tice temperature. In addition, the polarization depends 
on the intensity of a heating electric field and its di- 
rection relative to the crystallographic well as 
on the degree of inter valley repopulation. The rea- 
sons for a behavior of the polarization of this emis- 
sion were studied in a number of works [3-5]. It is 
known that the main mechanisms of carrier scatter- 
ing in n-Ge that determine its electric characteristics 
are the impurity scattering at low temperatures and 
the scattering by acoustic lattice vibrations at high 
ones. 

It was noted in [3] that, in order to verify the assump- 
tion that different polarizations of the terahertz emission 
by hot carriers in n-Ge in pure and doped materials are 
caused by different prevailing scattering mechanisms, it 
is necessary to perform temperature measurements of 
this phenomenon. 

The idea of the method was to obtain the mentioned 
polarization characteristics at temperatures, at which 
each of these mechanisms is determinative, and to fol- 
low the variation of these characteristics under tran- 



sition from one temperature region to the other. In 
the case of low temperatures (impurity scattering), the 
mobility of carriers in n-Ge changes with the temper- 
ature as [i ~ T 3 / 2 , whereas it varies as fx ~ 7 1 - 3 / 2 
at high temperatures (scattering by lattice vibrations). 
The maximum point of the mobility, where the impu- 
rity scattering is replaced by the scattering by acous- 
tic phonons lies in the region ~20 K for pure n-Ge. 
One could expect that the polarization characteristic 
will change its pattern passing through zero somewhere 
in this temperature region. This will mean that the 
behavior of the polarization dependence of the emis- 
sion is determined by the type of scattering of hot 
carriers. The experiments proposed and performed in 
this work were to demonstrate whether it is true or 
not. 

2. Experiments 

All measurements were carried out with the use of stan- 
dard samples produced by the typical technology [3]. 
Rectangular pulses of a heating electric field had a length 
of 0.8 mus. whereas their amplitude could change in 
wide ranges. The detecting part of the experimental 
set-up differed from the previous versions in the ar- 
rangement of the filter, polarizer, detector, and emit- 
ting sample. The main experimental difficulty of these 
measurements consists in the fact that the n-Ge emit- 
ting sample, whose temperature should be increased by 
an additional heating to 50 -=-70 K, is located near the 
Ge(Ga) semiconductor detector requiring helium tem- 
perature. Such a temperature gradient at a distance 
of 8-iT2 mm induces very strong temperature insta- 
bilities and noise signals in the detecting part, which 
makes measurements practically inadequate [3]. The 
problem was solved in the following way: the Ge(Ga) 
detector immersed in helium and the emitting sam- 
ple, whose temperature must be changed from the he- 
lium one to 70-^80 K, were located at the different 
ends of a vertical light guide. Locating the sample at 
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different distances from the detector (and the liquid- 
helium surface), we can vary the temperature of the 
emitting sample within the required limits. The neces- 
sity of an additional heating of the sample disappeared, 
and temperature gradients were reduced to a minimum. 
A diagram of the experimental set-up is presented in 
Fig. 1. 

3. Experimental Results and Their Discussion 

Figure 2 shows the results of measuring the tempera- 
ture dependence of the terahertz emission of hot ger- 
manium carriers for a typical GES-2.5 sample with the 
crystallographic orientation along the large sample size 
(111). One can see that, at the lowest temperatures 
(6.6-^6.9) K, the behavior of the polarization dependence 
is typical of doped samples. With increase in the sample 
temperature, this dependence becomes straight, passes 
through zero at 7.7 K, and then takes the form typical 
of a pure material. This form does not change with the 
further increase of the temperature up to 77 K. Thus, 
we observed an inflection point of the polarization de- 
pendence close to 8 K. Relating this point to the tran- 
sition from the impurity scattering to the acoustic one 
(where the electron mobility reaches a maximum), one 
can see that it differs from the literature data by ~10 
K [6]. Additional experiments performed for a number 
of samples with a different concentration yielded similar 
results (Fig. 3). As it turned out later on, the differ- 
ence in the temperature measurements was due to the 



Fig. 2. Polarization dependence of the terahertz emission from 
n-Ge (GES-2.5, (111)) for different temperatures (the curves are 
shifted in amplitude): 1 -76 K; 2 - 57 K; 3 - 26 K; 4 - 14 K ; 5 - 
8.8 K; 6 - 7.7 K; 7 - 7.2 K; 8 - 6.6 K 

fact that the semiconductor thermometer measured the 
temperature of the environment surrounding the emit- 
ting sample, whereas the sample itself was heated by 
pulses of the strong electric field (r^ = 0.8 fxs, v =140 
V, 3 = 2.6 A, E lep = 6 Hz). Our calculations demon- 
strate that, at these temperatures (taking into account 
the rapid decrease of the heat capacity), the quantity 
of heat released in the sample (Fig. 2) increases its 
temperature by 10 -hl5 K, i.e. its real temperature 
will be higher than that fixed by the thermometer by 
~ 10-^15 K, which completely agrees with literature 
data. 

Hence, the refined position of the point of tempera- 
ture change of the dominant scattering mechanism and 
the form of the curves given in Figs. 2 and 3 allow 
us to make an unambiguous conclusion about the rela- 
tion between the angular polarization dependence and 
the scattering mechanism. There took place a shift of 
the maxima (minima) : the regions of maxima in the po- 
larization dependence in the case of the impurity scat- 
tering changed to minima in the case of the acoustic 
one. 

Thus, the presented experimental results (Figs. 2 and 
3) confirm the proposed explanation of the behavior of 
the polarization characteristic of the terahertz emission 
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Rotation angle of polarizer, dcg. 

Fig. 3. Polarization dependence of the terahertz emission from 
n-Ge (GES-0.3, (111)) for different temperatures (the curves are 
shifted in amplitude): 1 - 70 K; 2 - 57 K; 3 - 26 K; 4 - 14 K; 5 - 
7.2 K; 6- 6.4 K; 7- 5.7 K 

by hot electrons from n-Ge depending on the type of 
carrier scattering. 

We thank O.G. Sarbey for the detailed discussion of 
the results of this work and O.K. Florova for the given 
polarizers. 
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TEMilEPATyPHI 3AJIE>KHOCTI IIOJI5iPH3AIIII 
TEPArEPIIOBOrO BHnPOMIHK)BAHH5I rEPMAHIIO 

n-THny y rpiiOHHX ejiektphhhhx itojmx 

B OBJIACTI HH3BKHX TEMIlEPATyP 
B.M. Boudap, n.M. Tomhvk 
P e 3 K) m e 

51k 6yjio Bifl3HaHeeo b po6oTi [3] ajih npaBOMipHOCTi npnnymeH- 
hh npo Te, mp xifl noJiHpiraarriHHHX 3ajie^KHOCTeii TeparepiiOBoro 

BHnpOMlHIOBaHHH rapH^HMH ejieKTpOHaMH 3 n-Ge BH3HaHaeTBC5I 

TiraoM po3ciiOBaHHH hocu'b, Heo6xiflHO npoBecTH TeMnepaTypm bii- 
Mipn nie'i 3ajiescHOCTi Bifl TeninepaTyp, fle npeBajnoe po3ciiOBaHHH 
Ha flOMiinKax, ,n,o TeMnepaTyp, jj,e npeBajnoe po3ciiOBaHH5i Ha axy- 
cthmhhx KOjiHBaHHHx tpaTKH. y ^amii po6oTi HaBejieHO pe3yjn>- 

TaTH TaKHX .HOCJliiX^KeHb. 



724 



ISSN 2071-0186. Ukr. J. Phys. 2010. Vol. 55, No. 6 



